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Ultraviolet and blue up-conversion emissions were observed under infrared excitation at 978 nm. In comparison with the upconversion of the target, the ultraviolet emissions are enhanced greatly. The enhancement is attributed to a decrease of the Judd-Ofelt parameter ⍀ 2 induced by pulsed laser deposition, which precludes the transition rate from 3 Recently, short-wavelength solid-state lasers in the ultraviolet ͑UV͒ to green spectral range have attracted much attention due to a wide range of applications including highdensity optical data storage, undersea communications, color displays, and infrared sensors. The phenomenon of frequency upconversion using intrinsic energy level matching of certain rare-earth ͑RE͒ ions, one of the approaches available to explore short-wavelength solid-state lasers, has been investigated widely during the past two decades. [1] [2] [3] [4] [5] Excited state absorption ͑ESA͒ and energy transfer ͑ET͒ can be efficient up-conversion mechanisms in RE doped materials. Huang et al. 6 reported upconversion in LaF 3 :Tm 3ϩ excited at 647.1 nm by ESA. Codoping of Yb 3ϩ as a sensitizer has yielded a substantial improvement in the up-conversion efficiency in Tm 3ϩ , Pr 3ϩ , Ho 3ϩ , and Er 3ϩ doped systems due to the efficient ET between the sensitizer and the pair or triad of RE ions. [7] [8] [9] In Yb 3ϩ -sensitized RE doped materials, efficient infrared-to-UV up-conversion emissions at room temperature have rarely been investigated. 10, 11 Studies of new approaches to obtain efficient UV luminescence are very necessary and valuable due to the need for developing shortwavelength solid-state lasers.
By controlling the excited-state dynamics with a judiciously selected local environment, one can obtain efficient upconversion. Thus processing of materials to control the local environment of interion interactions and local phonon densities of state plays an important role in producing RE doped materials with highly efficient upconversion. 12 Pulsed laser deposition ͑PLD͒, as a high temperature and pressure laboratory for new metastable materials, has been investigated widely since the first ruby laser was invented. Compounds of deep earth, colossal magnetoresistant, superconductive, superhard, and nanometer materials ͑nanotubes, nanobelts, etc.͒ were studied by PLD. 13 An example of the latter will be given here. Here, we reported infrared for the formation of the film is about 15 min. Transmission electron microscope ͑JEM-2010͒ analysis shows that the film is amorphous. X-ray photoelectron spectroscopy ͑XPS͒ data show that the components of the film are the same as those of the target. The film was excited with a 978 nm laser diode and the up-conversion emission spectra were measured with a fluorescence spectrophotometer ͑Hitachi F-4500͒. Figure 1͑a͒ is a room temperature up-conversion emission spectrum of the film ͑the pump power 600 mW͒. Emissions in the UV and visible regions comes from the following transitions: Figure 1͑b͒ shows the up-conversion emission spectrum of the target ͑the pump power 600 mW͒. The UV emission intensity of the film is greatly enhanced in comparison with that of the target. For unsaturated up-conversion, emission intensity, I s , is proportional to I n , where I is the intensity of the excitation light and the integer n is the number of photons absorbed per up-converted photon emitted. 14 Intensity dependences of the up-converted emissions are shown in Fig. 2 10, 11 Our film has much lower Yb 3ϩ and Tm 3ϩ concentrations and the phonon energy (620 cm Ϫ1 ) is larger. To understand why intense UV up-conversion fluorescence can be observed in the film, but cannot in the target, we should consider the effects of PLD.
During PLD, a high fluence, pulsed laser beam strikes the material, evaporating some of the matter and forming a plasma plume. Then this plume interacts with the substrate, and condenses into a thin film. In this process, the initial temperatures within the still localized plasma can be in excess of 10 000 K and the initial plasma pressure is up to 10 9 Pa. 15 With such high temperature and pressure, a new metastable structure will form. XPS data showed that the RE concentration was not changed during PLD. Therefore, the most possible mechanism responsible for the enhancement of the UV emission is the change of structure coupled with RE ions during PLD. The transition rate between states J and JЈ can be written as 16 -18 19 The fluorescence intensity ratio R ϭI 451 nm /(I 361 nm ϩI 451 nm )Ϸ␤ 451 will be influenced by the change of structure. From Fig. 1, we 
